
EP 0 457 354 B1 Description BACKGROUND OF THE INVENTION 5      The present
invention relates to a method of manufacturing mercury-free zinc-alkaline
batteries compris- Ing zinc as an anode active material, an aqueous
alkaline solution as an electrolyte, manganese dioxide as a cathode active
material, silver oxide, oxygen, etc., which batteries have no adverse
effect on environment and have an excellent shelf stability and discharge
property. 10  DESCRIPTION OF RELATED ART There has been a strong fear of
environmental pollution due to mercury from used batteries for about ten
years. Researches have been made on the reduction of the mercury content of
alkaline batteries. As a result of the researches, corrosion resistant zinc
alloys have been developed, which can reduce the mercury content 15  of the
alkaline batteries down to 250 ppm based on the weight of the batteries.
However, as exemplified by a fear of the ozone layer destruction by
chlorofluorocarbon gases, there is now the fear of world-wide environ-
mental destruction by industrial products. Therefore, alkaline batteries
completely free of mercury have still been demanded. Efforts have been made
to reduce the mercury content of alkaline batteries since alkaline
batteries con- 20  taining mercury added thereto were developed. Many
patents and literatures have been issued or published, in which various
materials such as inorganic inhibitors and organic inhibitors are
disclosed. Indium is known as a high hydrogen-overvoltage additive material
for the anodes of secondary batteries as well as primary batteries. There
are published many patent applications and literatures regarding methods of
using these elements as alloying additives and methods of using the
compounds of these elements as in- 25  organic inhibitors. Forexample, U.S.
Patent Nos. 4,735,876,4,861,688 and 4,920,020, and Japanese Patent KOKOKU
(Post- Exam. Pubin.) No. Hei 2-22984 disclose methods of using the elements
as the alloying additives; Japanese Patent KOKOKU (Post-Exam. Pubin.) No.
Sho 51-36450, Japanese Patent KOKAI (Laid-Open) No. Sho 49- 93831, Japanese
Patent KOKAI (Laid-Open) No. Sho 49-112125 disclose methods of adding
indium oxide and 30  indium hydroxide as the inorganic inhibitor, and
Japanese Patent KOKAI (Laid-Open) No. Hei 1-105466 dis- closes a method of
adding a mixture of indium oxide and cadmium oxide. Furthermore, Japanese
Patent KOKAI (Laid-Open) Nos. Sho 61-96666 and 61-101955 disclose adding
these elements as additives to the anodes of secondary batteries. 



As the organic inhibitors, for example, U.S. Patent No. 3,847,669 proposes
ethylene oxide. Furthermore, 35  U.S. Patent No.4,195,120 discloses organic
phosphate esters of the ethylene oxide-adduct type, and U.S. Pa- tent No.
4,606,984 discloses perfluorate organic compounds of the ethoxylated fluoro
alcohol type. As the mixed additive of inorganic inhibitor and organic
inhibitor, for example, Japanese Patent KOKAI (Laid-Open) No. Hei 2-79367
proposes a mixture of indium hydroxide and a perfluorate organic compound
of the ethoxylated fluoro alcohol type. 40     In prior art batteries such
as a battery using pure zinc as the anode active material in the absence of
mer- cury, corrosion reaction violently occurs with hydrogen being
generated by zinc, whereby the inside pressure of battery is increased to
expel the electrolyte outside the battery. Thus, there is a problem of
electrolyte-leak. In a partially-discharged battery, the
hydrogen-generating rate at the zinc anode is accelerated, thereby further
reducing the resistance to electrolyte-leak. This problem is caused by the
removal of mercury which 45  inhibits the corrosion reaction by raising the
hydrogen overvoltage on the surface of zinc. Even when a battery is made
from a corrosion-resistant zinc alloy containing indium, aluminum and lead,
which has been proved to render a mercury content-reduced zinc anode
resistantto corrosion, without mercury, the electrolyte-leak resistance of
the battery cannot be secured after partial discharging. Furthermore, even
a battery made from a gel anode using a pure zinc powder as the anode
active material and containing com- 50  mercially available indium oxide
and indium hydroxide (or indium chloride or indium hydroxide as disclosed
in DE-39 23 751 A1) added thereto, cannot have a practical electrolyte-leak
resistance like the above-mentioned battery made from the corrosion
resistant alloy. Even when an amine type surfactant, which is known as a
material for reducing the mercury content, is added as an organic inhibitor
to a battery made from a gel anode using as the anode active material an
indium, 55 aluminum and lead-containing, corrosion-resistantzinc alloy, the
electrolyte-leak resistance of the battery can- not be secured. As
mentioned above, the current series of the batteries are not complete in
inhibiting the cor- rosion and hence impractical at least in closed type
ones. 2    EP 0 457 354 B1 SUMMARY OF THE INVENTION 



The object of the present invention is to provide a method of manufacturing
zinc-alkaline batteries free of environmental destruction and having an
improved resistance to electrolyte-leak and a good storage stability. 5
In accordance with the present invention, these batteries are manufactured
by incorporating a zinc alloy having an appropriate composition and indium
hydroxide or indium sulfide synthesized to have suitable prop- erties by an
appropriate method, into a gel-like alkaline electrolyte. The zinc-alkaline
batteries having an inside pressure of battery inhibited from being raised
by generation of gas due to the corrosion reaction can be obtained even
without mercury by incorporating the zinc alloy having 10  an appropriate
composition and the indium hydroxide or indium sulfide synthesized to have
suitable properties by an appropriate method and further incorporating an
organic inhibitor. BRIEF DESCRIPTION OF THE DRAWING 15      Fig. 1 is a
half cross-sectional view of an alkaline manganese battery in an example of
the present inven- tion. DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 20
In making it possible to realize mercury-free alkaline batteries, the
present inventors have studied on the most effective materials of the
corrosion resistant zinc alloys, inorganic inhibitors and organic
inhibitors, re- spectively, and the optimum added state and amounts of the
materials. The use of the corrosion-resistant zinc alloy in combination
with the inorganic inhibitor in accordance with the present invention will
be elucidated below. The gel-like anode used in the present invention is
constituted 25  by a gel-like alkaline electrolyte comprising a
corrosion-resistant zinc alloy powder as an active material and containing
an indium hydroxide powder having suitable properties dispersed therein in
an appropriate concen- tration, the zinc alloy consisting of an appropriate
amount of one or more selected from the group consisting of Indium, lead,
bismuth, lithium, calcium and aluminum and the balance of zinc. The use of
the corrosion-resistant zinc alloy in combination with the inorganic
inhibitor and the organic In- 30  hibitorin accordance with one
embodimentof the present invention will be elucidated below. The
gel-likeanode used in the present invention is constituted by a gel-like
alkaline electrolyte comprising a corrosion-resistant zinc alloy powder as
an active material, which contains an indium hydroxide powder having
suitable properties dispersed therein in an appropriate concentration and
furthera so-called perfluoroalkyl polyethylene oxide sur- factant as the
organic inhibitor added thereto in an appropriate amount, the
perfluoroalkyl polyethylene oxide 35  having the hydrophilic part of
polyethylene oxide and the oleophilic part of a fluoroalkyl group and the
zinc alloy consisting of an appropriate amount of one or more selected from
the group consisting of indium, lead, 



bismuth, lithium, calcium and aluminum and the balance of zinc. Preferably,
the zinc alloy contains 0.01-1 wt% of indium and 0.005-0.5 wt% in total of
one or more of lead and bismuth, or 0.01-1 wt% of indium, 0.005-0.5 wt% of
one or two of lead and bismuth and 0.005-0.2 wt% in 40  total of one or
more of lithium, calcium and aluminum. The indium hydroxide used herein is
preferably synthesized by neutralizing an aqueous solution of indium
chloride or indium sulfate as starting substance. The use of the indium
chloride as starting substance can pro- duce the indium hydroxide having a
better corrosion resistance than the use of the indium sulfate. Where the
starting substance is indium nitrate and indium sulfate, the aqueous
solution of them to be neutralized should 45  contain chloride ions in
order to effectively produce the indium hydroxide. The indium hydroxide is
preferably in a powdery form, which contains at least 60 wt%, preferably at
least 70 wt% of particles having a particle size of 0.5-8 [err] and a
weight loss of 18-30 wt%, preferably 20-25 wt% when thermally decomposed at
a tem- perature of up to [err]. The indium hydroxide effectively has a
powdery X-ray diffraction pattern having broad peaks at 50
4.71[err]0.10 A, 3.980.02 A 3.570.10 A, 2.660.02 A Further, the appropriate
amount of the indium hydroxide added is in the range of 0.005 to 0.5 wt%
based on the weight of the zinc alloy. The amount of the abovementioned
perfluoroalkyl polyethylene oxide surfactant added to the alkaline 55
electrolyte is effectively in the range of 0.001 to 0.1 wt% based on the
weight of the zinc alloy. The chemical structure of the surfactant has the
formula of [err] wherein X is -H or-F, Y is [err]  wherein R is -H oran
alkyl group, 3    EP 0 457 354 B1 Z is [err]  wherein W is an alkali metal,
n is 4 to 10 and m is 20 to 100, or the formula of [err] wherein X is -H or
-F, Z is [err] , wherein W is an alkali metal, n is 4 to 10 and m is 40 to 



100. 5    The present inventors have studied on the composition of each of
the corrosion-resistant zinc alloy, inor- ganic inhibitor and organic
inhibitor and the combination of these materials to provide the optimum
effect and, as a result, they have found the optimum compositions and
combinations. The mechanism to provide the op- timum effect is now not
clear, but the function of each of the alloying additive elements,
inorganic inhibitor and organic inhibitor when used singly may be inferred
as follows: 10      Of the additive elements in the zinc alloy, indium,
lead and bismuth themselves have a high hydrogen over- voltage and hence
raise the hydrogen overvoltage of the surface of the zinc alloy when added
to the zinc alloy. The function of the elements raising the hydrogen
overvoltage is maintained even when a fresh surface of the zinc alloy
appears during the discharging, if the elements are uniformly dispersed in
the body of the zinc alloy. Furthermore, lithium, aluminum and calcium have
a function of sphering zinc grains to reduce the true 15  specific surface
area of the zinc grains so that the amount of the zinc alloy corroded per
unit weight is de- creased. When the indium hydroxide powder is dispersed
togetherwith the zinc alloy into the gel-like alkaline elec- trolyte, part
of the indium hydroxide is electrodeposited onto the surface of the zinc
alloy through the principle of the substitution plating, thereby raising
the hydrogen overvoltage on the surface. The remaining part of the 20
indium hydroxide is retained as it is in a solid form in the gel-like
alkaline electrolyte, and this part Is to be elec- trodeposited onto a
fresh surface of the zinc alloy exposed when subjected to discharging,
thereby allowing the zinc alloy to remain to be corrosion resistant. The
smaller the particle size of the indium hydroxide, the betterthe dispersion
in the gel-like alkaline electrolyte, so that the indium hydroxide can be
effective uniformly throughout the gel anode. However, if the indium
hydroxide particles are too small, then it is immediately dis- 25  solved,
so that the amount of the indium hydroxide to be used after partial
discharging is insufficient. The lim- itation of the weight loss of the
indium hydroxide when thermally decomposed depends upon the crystallinity
thereof. The solubility of the indium hydroxide powder varies depending
upon the weight loss. If the weight loss by the thermal decomposition is
too small, then the solubility is lowered, and if the weight loss is too
large, then the solubility is raised. 30      The properties of the indium
hydroxide vary depending upon methods of synthesizing the indium hydrox-
ide. The indium hydroxide synthesized from indium chloride and indium
sulfate as starting materials has a crys- tallinity and crystal shape
giving such an excellent corrosion resistance as mentioned above. The use
of indium chloride as starting material produces much better indium
hydroxide than the use of indium sulfate. Further- 



more, the synthesis of an indium hydroxide having the same properties as
those of the indium hydroxide syn- 35  thesized from indium chloride as
starting material is possible with indium nitrate and indium sulfate as
starting materials by neutralizing in the presence of chloride ions. When
the surfactant is present in the alkaline electrolyte together with the
zinc alloy, it is chemically ad- sorbed on the surface of the zinc alloy
through the metal soap principle to form a hydrophobic monomolecular
layerwhich exhibits the corrosion-inhibiting effect. From the viewpoint of
a molecular structure, the surfactant 40  having polyethylene oxide at the
hydrophilic portion thereof is highly soluble in a micell form in the
alkaline electrolyte. Therefore, the surfactant rapidly transfers to and is
immediately adsorbed on the surface of the zinc alloy, when it is charged
into the electrolyte. This means that the surfactant provides a high
corrosion re- sistance to the zinc alloy. The greater the polymerization
degree of the polyethylene oxide, the higher the sol- ubility of the
surfactant. Then, when the surfactant has a highly hydrophobic fluoroalkyl
group, the polymeri- 45  zation degree is desirably 20 or more.
Furthermore, when the terminal of the polyethylene oxide is hydroxyl group
or the oxide is in an alcohol form, the surfactant is susceptible to the
hydrolysis. Therefore, the terminal group is preferably methyl group,
sulfone group or phosphate group which is highly resistant to alkalis. If
the oleophilic portion of the surfactant has a fluoroalkyl group, the group
effectively prevents receiving and don- ating of electrons which causes the
corrosion reaction, when the group is adsorbed on the surface of the zinc
50  alloy. This is because the group is highly electrically insulating. The
bond between the hydrophilic group and the oleophilic group preferably has
a hydrophilic ether bond and hydroxyl group, rather than the
water-repelling alkyl group, because the ether bond and hydroxyl group bond
more easily to the zinc alloy, so thatthe surfactant provides higher
corrosion resistance. The advantages by the combination of the zinc alloy
and the indium hydroxide will be elucidated below. 55   Since the indium
hydroxide is electrodeposited to work on the surface of the zinc alloy, the
electrodeposition is needed to be effected smoothly and evenly. Since a
large amount of hydrogen gas is generated on the sur- face of the zinc
alloy having no corrosion resistance, the electrodeposition of indium is
prevented, so that the electrodeposition is made uneven. However, the
generation of hydrogen gas is inhibited on the surface of the 4    EP 0 457
354 B1 



corrosion-resistant zinc alloy, so that the electrodeposition is effected
smoothly and evenly to obtain the de- sired combination advantages. These
advantages are obtainable even after partial discharging. The advantages by
the combination of the zinc alloy, the indium hydroxide and the surfactant
will be elu- cidated below. The function and advantages of the indium
hydroxide are as described above, but they are lost 5   if the whole of the
indium hydroxide is electrodeposited when partially discharged. Therefore,
the addition of the surfactant does not only provide the anticorrosion
effect but also inhibit the electrodeposition of an amount beyond the
necessary amount of the indium hydroxide to retain the amount of the indium
hydroxide needed after the partial discharging. The process for making the
corrosion-resistant zinc alloy, the processes for synthesizing the indium
hy- 10  droxide and indium sulfide, the structure of an LR 6 alkaline
manganese battery and the method of evaluating the resistance to
electrolyte leak will be explained below. The corrosion-resistant zinc
alloy powder is made by a so-called atomizing method in which zinc of
99.97% in purity is molten, predetermined additive elements are added in
predetermined amounts to the melt, the melt is rendered uniform and then
the melt is atomized by compressed air. The resulting particles are
classified to 15  be within the range of 45-150 mesh. The indium hydroxide
is synthesized by adding a saturated amount of a predetermined indium salt
to ion- exchange water, rapidly neutralizing the resulting aqueous solution
with ammonia gas as a neutralizing agent understirring with a screwstirrer
by adding the ammonia gas tothe solution until the pH of the solution
becomes 9, then washing the precipitate on a filter having a mesh size of
0.5 [err] with ion-exchange water until the pH 20  of the filtrate becomes
7.5, separating the water content from the precipitate by making vacuum
underneath the filter and drying the precipitate undervacuum at a
relatively low temperature of [err]. The indium hydroxide has a powdery
X-ray diffraction pattern having broad peaks at 4.710.10 A, 3.980.02 A,
3.570.10 A and 2.660.02 A. The indium sulfide is synthesized by adding a
saturated amount of a predetermined indium salt to ion-ex- 25  change
water, rapidly neutralizing the resulting aqueous solution with hydrogen
sulfide as a neutralizing agent understirring with a screwstirrerbyadding
the ammonia gas tothe solution until thpHofthe solution becomes 9, then
washing the precipitate on a filter having a mesh size of 0.5 [err] with
ion-exchange water until the pH of the filtrate becomes 7.5, separating the
water content from the precipitate by making vacuum underneath the filter
and drying the precipitate under vacuum at a relatively low temperature of
[err]. 30      The gel-like anode is prepared in such a manner as described
below. To a 40% potassium hydroxide aqu- 



eous solution (also containing 3 wt% of ZnO) are added 3 wt% of sodium
polyacrylate and 1 wt% of carboxy- methyl cellulose to form a gel-like
electrolyte. To the gel-like electrolyte is gradually added a predetermined
amount of an indium hydroxide or indium sulfide powder under stirring. The
electrolyte is then aged for 2-3 hours. Then, the zinc alloy powder is
mixed with the aged gel-like electrolyte in such a weight ratio that the 35
amount of the former is two times largerthan that of the gel-like
electrolyte. In the case that the organic inhibitor is added, a
predetermined amount of the inhibitor is added to the gel-like electrolyte
prior to adding the indium hydroxide during the abovementioned preparation
of the indium hydroxide. Fig. 1 is a cross-sectional view of the LR 6
alkaline manganese battery used in the example of the present invention. In
this figure, reference number 1 denotes a cathode compound, 2 a gel-like
anode featuring the 40  present invention, 3 a separator, 4 a current
collectorof the gel-like anode, 5 a cathode terminal cap, 6 a metal case, 7
an outside housing of the battery, 8 a polyethylene-made resin plug for
closing the opening of the case 6, and 9 a bottom plate forming the anode
terminal. In the method of evaluating the resistance to electrolyte leak,
100 of the LR 6 alkaline manganese batteries having the structure as shown
in Fig. 1 were subjected to the partial discharging at a constant current
of 0.85 45  Aand a discharging voltage of 0.75 V which are severe to the LR
6 battery until 20% of the discharge capacity of the batteries was
discharged, and the number of the leaked batteries after storage at [err]
for 30 days or more was evaluated as the leak index (%). If the leak index
is zero (0) % after storage at [err] for 30 days under the severe
conditions, the batteries are practically usable. However, the leak index
representing the re- liability of battery should be kept zero as long as
possible. 50      The present invention will be illustrated below with
reference to some examples. EXAMPLE 1 This example is an embodiment using
the combination of a zinc alloy and an inorganic inhibitor. 55      The
previous research of various additive elements with changed amounts thereof
has found that zinc al- loys containing one or more of indium, lead,
bismuth, lithium, calcium and aluminum are appropriate. Table 1 shows the
results of the leak test for batteries made from the corrosion-resistant
zinc alloys as mentioned above with changed amounts of indium hydroxide
added. The leak test was carried out with the 5    



EP 0 457 354 B1 batteries stored at [err] for 30 days. Table 2 shows the
results of the leak test for batteries prepared from the
corrosion-resistant zinc alloys as mentioned above with changed amounts of
indium sulfide added. The leak test was carried out with the batteries
stored at [err] for 60 days. 5 10 15 20 25 30 35 40 45 50 55 6    EP 0 457
354 B1 [err] 55 7    EP 0 457 354 B1 [err]  



EP 0 457 354 B1 propriate amount gives an excellent electrolyte-leak
resistance, although no practical electrolyte-leak resis- tance can be
given with a zinc alloy alone even if the zinc alloy has an excellent
corrosion resistance. The amount of the indium hydroxide and indium sulfide
added were preferably in the range of 0.005 to 0.5 wt% based on the weight
of the zinc alloy. 5      The indium sulfide is hydrolyzed in the alkaline
electrolyte to form indium hydroxide and sulfur. This sulfur is reacted
with zinc to give anticorrosion. Therefore, an alkali metal sulfide and
indium hydroxide may be used In combination to obtain the same effect. The
amount of the alkali metal sulfide added is preferably in the range of
0.002 to 0.2 wt% based on the weight of the zinc alloy. 10      Table 3
shows the results of the leak test for batteries prepared using an
unchanged indium hydroxide amount of 0.1 wt% and changed amounts of the
alloying additives. The leak test was carried out with the bat- teries
stored at [err] for 30 days. 15 20 26 30 35 40 46 55 9    EP 0 457 354 B1
Table 3: Effect of alloy compositions on batteries using the combination of
zinc alloys and 



indium hydroxide 5 % Leak index (stored at [err] for 10 Additive elements
(wt%)                                 30 days) Amount of indium hydroxide
0.1   wt%   of 15      No      In       Pb      Bi       Al      Ca
zinc alloy 21    0.01  0.1       0.05    0        0              0 22
0.05  0.1       0.05    0        0              0 20       23     0.5   0.1
0.05    0        0              0 24     1.0   0.1      0.05    0        0
0 25     0.2   0        0.005   0        0              0 25       26
0.2   0        0.5      0       0              0 27     0.2   0.005  0
0        0              0 28     0.2   0.5      0       0        0
0 30       29     0.2   0.0025 0.0025 0           0              0 30
0.2   0.25    0.25    0         0              0 31    0.01  0         0.05
0        0.02           0 35       32    0.05  0         0.05    0
0.02           0 33     0.5   0        0.05    0        0.02           0 34
1.0   0        0.05    0        0.02           0 40       35     0.2   0
0.005  0         0.02           0 36     0.2   0        0.5     0
0.02           0 37     0.2   0        0.05    0.0025 0.0025           0 45
38     0.2   0        0.05    0.1      0.1            0 39     0.2   0.0025
0.0025 0.01    0.01               0 



40     0.2   0.25    0.25    0.01    0.01             0 50       41     0.2
0.1      0.05    0.0025 0.0025           0 42     0.2   0.1      0.05
0.1      0.1            0 55    From Table 3 it is seen that the amounts of
additives added to the zinc alloy are suitably in the range of 0.01 to 1
wt% for indium, 0.005 to 0.5 wt%  for each or two of lead and bismuth, or
0.005 to 0.2 wt% for each or two of calcium and aluminum. Furthermore, the
same effect may be obtained by substituting lithium for the aluminum. 10
EP 0 457 354 B1 This example employed an indium hydroxide prepared by
neutralizing an aqueous solution of indium sul- fate as the starting
material. Similar effect may be obtained by employing an indium hydroxide
prepared by using indium chloride or indium nitrate. The higher effect was
obtained by using each indium hydroxide pre- pared with the chloride,
sulfide and nitrate as the starting material in this order. 5
Substitution of indium sulfide for indium hydroxide obtained almost the
same effect. EXAMPLE 2 This example elucidates the effect of the starting
materials for preparing the indium hydroxide in the com- 10  bination of
the zinc alloy and the inorganic inhibitor. Table 4 shows the results of
leak test for batteries using 0.1 wt% based on the weight of the zinc alloy
of indium hydroxide prepared from various starting materials. The leak
testwas carried out with the batteries stor- ed at [err] for 45 days. 15 20
25 30 35 40 45 



50 55    EP 0 457 354 B1 [err] 55 Form Table 4 it is seen that indium
hydroxide from the nitrate is effective if it is prepared in the presence
12    EP 0 457 354 B1 of chloride ions. That is, a battery with indium
hydroxide prepared from the nitrate as starting material had a leak index
of 0% even after storing at [err] for 30 days, which revealed that the
battery is of practical use. However, it is seen that indium hydroxide from
the chloride or sulfate as starting material is more reliable for a longer
period since a battery with the indium hydroxide had a leak index of 0%
after storing at [err] for 45 5   days. Substitution of indium sulfide for
indium hydroxide obtained almost the same effect. EXAMPLE 3 10      This
example studied on the effect of the particle size of indium hydroxide with
batteries using the com- bination of zinc alloys and the indium hydroxide
as inorganic inhibitor. Table 5 shows the results of leak test with
batteries using indium hydroxide powders having various particle size
distributions. The indium hydroxide powders were added in an amount of 0.1
wt% based on the weight of zinc alloy. The leak test was carried out with
the batteries stored at [err] for 45 days. 15 20 26 30 



35 40 45 50 55 13    EP 0 457 354 B1 5 [err]    EP 0 457 354 B1 From Table
5 it is seen that an indium hydroxide powder is preferred to contain 60 wt%
or more of particles of 0.5 to 8 [err] in size (the balance is particles
having a size of 0.5 [err] or larger, because the powder on a filter having
a mesh of 0.5 [err] was washed with water). There may be such a case that
batteries with 70 wt% or more of the particles do not leak any amount of
electrolyte even after storing at [err] for 60 days. 5      The indium
hydroxide used in this example was one prepared with indium nitrate as
starting material and obtained through the classification of particles
having a larger size by a wet settling method. Substitution of indium
sulfide for indium hydroxide obtained almost the same effect. EXAMPLE 4 10
This example studied on the effect of the weight loss of indium hydroxide
when thermally decomposed on batteries using the combination of zinc alloys
and indium hydroxide. Table 6 shows the results of leak test for batteries
using 0.1 wt%  of various indium hydroxides having dif- ferent weight
losses when thermally decomposed at up to [err] added to the zinc alloys.
The leak test was 15 carried out for the batteries stored at [err] for 45
days. 



20 25 30 35 40 45 50 15    EP 0 457 354 B1 [err] From Table 6 it Is seen
that the indium hydroxide is preferred to have a weight loss of 18 to 30
wt% when    EP 0 457 354 B1 thermally decomposed. No leak may occur with
use of the indium hydroxide having a weight loss of 20 to 25 wt% even after
storing at [err] for 60 days. The different weight losses of the indium
hydroxide used in this example were changed by using the chlor- ide as
starting material and changing the neutralizing time. 5 EXAMPLE 5 This
example concerns batteries using the combination of zinc alloys, indium
hydroxide as inorganic in- hibitor and a surfactant as organic inhibitor.
10      Table 7 shows the results of leak test for the batteries in which
the amount of the indium hydroxide added was 0.1 wt% based on the weight of
the zinc alloys and the amount of the organic inhibitor was changed. The
leak test was carried out with the batteries stored at [err] for 60 days.
15 



20 25 30 35 40 45 50 55 17    EP0457354B1 [err]    EP 0 457 354 B1 based on
the weight of the zinc alloys. Table 8 shows the results of leak test for
batteries using the amount of the surfactant fixed to 0.01 wt% and the
changed amounts of indium hydroxide. The leak test was carried out with the
batteries stored at [err] for 60 days. 5      Table 9 shows the results of
leak test for batteries using the amount of the surfactant fixed to 0.01
wt% and the changed amounts of indium sulfide. The leak test was carried
out with the batteries stored at [err] for 75 days. 10 15 20 25 30 



35 40 45 50 55    EP 0 457 354 B1 [err] 20    EP 0 457 354 B1 [err] From
Table 8 and 9 it is seen that the amounts of indium hydroxide and indium
sulfide added are suitably 21    EP 0 457 354 B1 in the range of 0.005 to
0.5 wt%. Table 10 shows the results of leak test for batteries in which the
amount of the surfactant was 0.01 wt% and the amount of indium hydroxide
was 0.1 wt% based on the weight of the zinc alloy, and the kinds and the
amounts ofthe alloying additives were changed. The leaktestwas carried
outwith the batteries stored at [err] 5   for 60 days. 10 15 20 



25 30 35 40 46 50 55 22    EP 0 457 354 B1 Table 10: Effect of the alloy
compositions on batteries using the combination of zinc alloys, indium
hydroxide and surfactant 5 % Leak index (stored at [err] for 60 days) 10
Additive elements (wt%)               Amount of 0.01 wt% of zinc alloy 15
Amount of indium hydroxide 0.1 (wt% of No.    In       Pb      Bi      Al
Ca    zinc alloy) 91   0.01  0.1    0.05   0          0             0 



92   0.03  0.1    0.05   0          0             0 93   0.5   0.1    0.05
0          0             0 25      94   1.0   0.1    0.05   0           0
0 95   0.2   0        0.005  0        0             0 96   0.2   0
0.5    0        0             0 97       0.2         0.005    0
0       0             0 97   0.2   0.005  0         0       0             0
98   0.2   0.5    0          0      0             0 99   0.2   0.0025
0.0025 0          0             0 35     100   0.2   0.25   0.25   0
0             0 101   0.01  0        0.05   0        0.02          0 102
0.05  0        0.05   0        0.02          0 40      103   0.5   0
0.05   0        0.02          0 104   1.0   0        0.05   0        0.02
0 105   0.2   0        0.005  0         0.02         0 45      106   0.2
0        0.5    0        0.02          0 107   0.2   0        0.05   0.0025
0.0025          0 108   0.2   0        0.05   0.1    0.1             0 50
109   0.2   0.0025 0.0025 0.01   0.01           0 110   0.2   0.25   0.25
0.01   0.01              0 111   0.2   0.1    0.05   0.0025 0.0025
0 55      112   0.2   0.1    0.05   0.1    0.1                0 From Table
10 it is seen that the amounts of the additives are suitably in the range
of 0.01 to 1 wt% for 23    EP0457354B1 indium, 0.005 to 0.5 wt% for each or
two of lead and bismuth or 0.005 to 0.2 wt% for each or two of calcium and
aluminum. Furthermore, substitution of lithium for the aluminum could
obtain the same effect. 



In this example, it is seen that the leak resistance of the battery using
the surfactant is much improved over the battery free of the surfactant.
Substitution of indium sulfide for indium hydroxide obtained almost the 5
same effect. The surfactant used in EXAMPLE 5 was a perfluoroalkyl
polyethylene oxide surfactant having the following formula of
[err] wherein X is -H or -F, Z is [err]  or [err] wherein W is an alkali
metal, n is in the range of 4 to 10 and m is in the range of 40 to 100.
Powders of the indium hydroxide and the indium sulfide used were prepared
from the sulfate as starting material and contained 80 wt% or more of the
particles of the hydroxide and the sulfide having a particle size 20  of
0.5 to 8 [err]. Sufficient resistance to the electrolyte leak was confirmed
to be obtained with indium hydroxide prepared from the same starting
materials and having the same properties as those of EXAMPLES 2, 3 and 4
above. In all the examples above it was confirmed that the desired effect
can be obtained with batteries free of mercury but the same effectcan be
obtained with batteries containing several orseveral tens of ppm of mercury
25 added thereto. Claims 30  1. A method of manufacturing a zinc-alkaline
battery, which comprises the steps of: providing zinc alloy powder
containing at least one alloying element of the group consisting of in-
dium, lead, bismuth, lithium, calcium and aluminum, providing indium
hydroxide or indium sulfide prepared from an indium salt as starting
material by neutralizing an aqueous solution of said salt, and 35
dispersing said zinc alloy powder as an active material and said indium
hydroxide or indium sulfide in a gel-like alkaline electrolyte to prepare a
gel-like anode, said indium hydroxide or indium sulfide being contained in
an amount of 0.005 to 0.5 wt % based on the weight of said zinc alloy. 2. A
method according to claim 1, wherein the zinc alloy containing 0.01 to 1 wt
% of indium and 0.005 to 40      0.5 wt % in total of one or two of lead
and bismuth is used as the anode active material. 3. A method according to
claim 1, wherein the zinc alloy containing 0.01 to 1 wt % of indium, 0.005
to 0.5 wt % of one or two in total of lead and bismuth and 0.005 to 0.2 wt
% in total of one or more of lithium, calcium and aluminum is used as the
anode active material. 4. A method according to any preceding claim,
wherein said indium salt is indium chloride or indium sulfate. 



5. A method according to any of claims 1 to 3, wherein said indium salt is
indium nitrate or indium sulfate, and said indium hydroxide or indium
sulfide is prepared by neutralizing an aqueous solution of said Indium salt
containing chloride ions. 50 6. Amethod according to any preceding claim,
wherein the powder of the indium hydroxide or indium sulfide prepared
contains 60 wt % or more of particles having a particle size of 0.5 to 8
[err]. 7. A method according to any preceding claim, wherein said indium
hydroxide has a weight loss of 18 to 30 55      wt % when thermally
decomposed at a temperature of up to [err]. 8. A method according to any
preceding claim, wherein said indium hydroxide has a powdery X-ray diffrac-
tion pattern having peaks at 4.71  0.10 A, 3.98  0.02 A, 3.57  0.10 Aand
2.66  0.02 A. 24    EP 0 457 354 B1 indium, 0.005 to 0.5 wt% for each or
two of lead and bismuth or 0.005 to 0.2 wt% for each or two of calcium and
aluminum. Furthermore, substitution of lithium for the aluminum could
obtain the same effect. In this example, it is seen that the leak
resistance of the battery using the surfactant is much improved over the
battery free of the surfactant. Substitution of indium sulfide for indium
hydroxide obtained almost the 5   same effect. The surfactant used in
EXAMPLE 5 was a perfluoroalkyl polyethylene oxide surfactant having the
following formula of                                  [err] and m is in the
range of 40 to 100. Powders of the indium hydroxide and the indium sulfide
used were prepared from the sulfate as starting material and contained 80
wt% or more of the particles of the hydroxide and the sulfide having a
particle size 20  of 0.5 to 8 [err]. Sufficent resistance to the
electrolyte leak was confirmed to be obtained with indium hydroxide
prepared from the same starting materials and having the same properties as
those of EXAMPLES 2, 3 and 4 above. In all the examples above it was
confirmed that the desired effect can be obtained with batteries free of
mercury but the same effectcan be obtained with batteries containing
several orseveral tens of ppmof mercury 



25  added thereto. Claims 30  1. A method of manufacturing a zinc-alkaline
battery, which comprises the steps of: providing zinc alloy powder
containing at least one alloying element of the group consisting of in-
dium, lead, bismuth, lithium, calcium and aluminum, providing indium
hydroxide or indium sulfide prepared from an indium salt as starting
material by neutralizing an aqueous solution of said salt, and 35
dispersing said zinc alloy powder as an active material and said indium
hydroxide or indium sulfide in a gel-like alkaline electrolyte to prepare a
gel-like anode, said indium hydroxide or indium sulfide being contained in
an amount of 0.005 to 0.5 wt % based on the weight of said zinc alloy. 2. A
method according to claim 1, wherein the zinc alloy containing 0.01 to 1 wt
% of indium and 0.005 to 40      0.5 wt % in total of one or two of lead
and bismuth is used as the anode active material. 3. A method according to
claim 1, wherein the zinc alloy containing 0.01 to 1 wt % of Indium, 0.005
to 0.5 wt % of one or two in total of lead and bismuth and 0.005 to 0.2 wt
% in total of one or more of lithium, calcium and aluminum is used as the
anode active material. 4.  A method according to any preceding claim,
wherein said indium salt is indium chloride or indium sulfate. 5.  A method
according to any of claims 1 to 3, wherein said indium salt is indium
nitrate or indium sulfate, and said indium hydroxide or indium sulfide is
prepared by neutralizing an aqueous solution of said indium salt containing
chloride ions. 50 6. A method according to any preceding claim, wherein the
powder of the indium hydroxide or indium sulfide prepared contains 60 wt %
or more of particles having a particle size of 0.5 to 8 [err]. 7. A method
according to any preceding claim, wherein said indium hydroxide has a
weight loss of 18 to 30 55       wt % when thermally decomposed at a
temperature of up to [err]. 8.  A method according to any preceding claim,
wherein said indium hydroxide has a powdery X-ray diffrac- tion pattern
having peaks at 4.71  0.10 A, 3.98  0.02 A, 3.57  0.10 A and 2.66  0.02 A.
24    



EP 0 457 354 B1 9. Amethod according to any preceding claim, wherein, in
addition to said indium hydroxide orindium sulfide, an alkali metal sulfide
is added in an amount of 0.002 to 0.2 wt % based on the weight of said zinc
alloy to said gel-like alkaline electrolyte. 5   10. A method according to
any preceding claim, wherein said alkaline electrolyte containes a
surfactant hav- ing a hydrophilic part of polyethylene oxide and an
oleophilic part of a fluoroalkyl group in an amount of 0.001 to 0.1 wt %
based on the weight of said zinc alloy. 11. A method according to claim 10,
wherein said surfactant has the formula of [err] the range of 20 to 100, in
an amount of 0.001 to 0.1 wt % based on the weight of said zinc alloy. 12.
Amethod according to claim 10, wherein said surfactant has the formula of
[err] wherein X is -H or -F, Z is [err] wherein W is an alkali metal, n is
in the range of 4 to 10 and m is in the range of 40 to 100, in an amount of
0.001 to 0.1 wt % based on the weight of said zinc alloy. 20
PatentansprOche 1. Verfahren zur Herstellung einer alkalischen
Zinkbatterie, welches die folgenden Schritte umfalt: zur VerfOgung Stellen
eines Zinklegierungspulvers, enthaltend wenigstens ein Leglerungselement
aus 25      der Gruppe, bestehend aus Indium, Blei, Wismuth, Lithium,
Kalzium und Aluminium; zur Verfagung Stellen von Indiumhydroxid oder
Indiumsulfid, hergestellt aus einem Indiumsalz als Aus- gangsmaterial durch
Neutralisieren einerwassrigen L6sung dieses Seizes; und Dispergieren dieses
Zinklegierungspulvers als ein aktives Material und des lndiumhydroxids oder
Indiumsufids in einem gelartigen alkalischen Elektrolyten, um eine
gelartige Anode herzustellen, wobei das Indiumhydroxid oder Indiumsulfid in
einer Menge von 0,005 bis 0,5 Gew.-%, basierend auf dem Ge- wicht der
Zinklegierung, enthalten ist. 2. Verfahren nach Anspruch 1, worin die
Zinklegierung, enthaltend 0,01 bis 1 Gew.-% Indium und insgesamt 0,005 bis
0,5 Gew.-% von einem oder beiden der Elemente Blel und Wismuth, als das
aktive Anodenma- 35      terial verwendet wird. 3. Verfahren nach Anspruch
1, worin die Zinklegierung, enthaltend 0,01 bis 1 Gew.-% Indium, insgesamt 



0,005 bis 0,5 Gew.-% von einem oder beiden der Elemente Blel und Wismuth
und insgesamt 0,005 bis 0,2 Gew.-% von einem oder mehreren der Elemente
Lithium, Kalzium und Aluminium, als das aktive An- y   40  odenmaterial
verwendet wird. 4. Verfahren nach einem der vorhergehenden Anspruche, worin
das Indiumsalz Indiumchlorld oder Indium- sulfat ist. 45  5. Verfahren nach
einem derAnspruche 1 bis 3, worin das Indiumsalz Indiumnitrat oder
Indiumsulfat ist und das Indiumhydroxid oder Indiumsulfid durch
Neutralisleren einerwassrigen Losung des Chloridionen ent- haltenden
Inidumsalzes hergestelit wird. 6. Verfahren nach einem der vorhergehenden
Ansprulche, worin das Pulver des hergestellten Indiumhydro- 5       Axids
oder Indiumsulfids 60 Gew.-% oder mehr an Teilchen enthalt, welche eine
Teilchengr8Be von 0,5 bis 8 pim besitzen. 7. Verfahren nach einem
dervorhergehenden Anspruche, worin das Indiumhydroxid einen Gewichtsverlust
von 18 bis 30 Gew.-% zeigt, wenn es thermisch bei einer Temperatur von bbs
zu 900 C zersetzt wird. 55  8. Verfahren nach einem der vorhergehenden
Ansprriche, worin des Indiumhydroxid ein Pulver-Rontgen- beugungsmuster
aufweist, welches Peaks be! 4,71  0,10 A, 3,98  0,02 A, 3,57  0,10 A und
2,66  0,02 A aufweist. 25    EP 0 457 354B1                      I 1II3II
111111 11I 11111 I!II * C   L  M   S* 9. Verfahren nach einem
dervorhergehenden Anspruche, worin zusitzlich zu dem Indiumhydroxid oder
In- diumsulf Id sin Alkalimetallsulfid in einer Menge von 0,002 bis 0,2
Gew.-%, basierend auf dem Gewicht der Zinklegierung, zu dem gelartigen,
alkalischen Elektrolyten zugesetzt wird. 6   10. Verfahren nach elnem
dervorhergehenden Anspruche, worin der alkalische Elektrolyt sine
oberflachen- aktive Substanz, welche einen hydrophilen Tell aus
Polyethylenoxid und einen oleophilen Teil aus einer Fluoralkylgruppe
aufweist, in einer Menge von 0,001 bis 0,1 Gew.-%, baslerend aufdem
GewlchtderZink- legierung, enthAlt. 10    . Verfahren nach Anspruch 10,
worn die oberflachenaktive Substanz die Formel 



(X) - C-12n - (Y) - (CH2CH2O)m - (Z) aufweist, worin X -H oder -F !st,
Y-C2H4-O-CH2CH(OH)-CH2O-, -CONH oder -SO2NR ist, worin R -H odor sine
Alkylgruppe ist, Z -CH3, -PO3W2 oder -SO3W ist, worin W sin Alkalimetall
!st, n im Bereich von 4 bis 10 ist und m im Bereich von 20 bis 100 !st, und
in einer Menge von 0,001 bis 0,1 Gew. -%, basierend auf 16      dem Gewicht
der Zinkiegierung, enthalten ist. 12. Verfahren nach Anspruch 10, worin die
oberflichenaktive Substanz die Formel (X) - CnF2 - (CH2CH20). - (Z
aufweist, worn X -H oder -F ist, Z -CH3, -PO3W2 oder -SO3W ist, worin W sin
Alkalimetall fat, n im Bereich 20      von 4 bis 10 ist und m im Bereich
von 40 bis 100 !st, und in einer Menge von 0,001 bis 0,1 Gewi-%, ba-
sierend auf dem Gewicht der Zinklegierung, enthalten !st. Rovondications 25
1.  Proced6 de fabrication d'une pile alcaline au zinc qui comprend les
etapes consistant A: fournirune poudre d'alliage de zinc contenantau moins
un el6mentd'alliage appartenantau groups constitue par l'indium, le plomb,
le bismuth, le lithium, le calcium et l'aluminium, fournir de l'hydroxyde
d'indium ou du sulfure d'indium pr6par6 A partir d'un sel d'lndium comme so
produit de d6part en neutralisant une solution aqueuse dudit sel, et
disperser ladite poudre d'alliage de zinc servant de matiere active et
ledit hydroxyde d'indium ou sulfure d'indium dons un electrolyte alcalin se
trouvant sous forms d'un gel pour preparer une anode sous forms d'un gel,
ledit hydroxyde d'indium ou sulfure d'indium etant contenu en une quantit6
de 0,005 A 0,5% en polds par rapport au poids dudit alliage de zinc. 35  2.
Procedb selon la revendication 1, dans lequel l'alliage de zinc contenant
0,01 A 1% on poids d'indium et 0,005 A 0,5% en poids au total de l'un ou
des deux el6ments plomb et bismuth est utilise comme matiere active
d'anode. 3.  Proc6de selon la revendication 1, dans lequel l'alliage de
zinc contenant 0,01 A 1% on polds d'indium, 40      0,005 A 0,5% en poids
au total de l'un ou des deux e6lments plomb et bismuth et 0,005 A 0,2% en
poids au total de l'un ou de plusiours des 6lements lithium, calcium et
aluminium est utilise comme matiere active d'anode. 4. Procede selon l'une
quelconque des revendications precedentes, dans lequel leditsel d'indium
est le chlo- 45      rure d'indium ou Is sulfate d'indium. 5.  ProcbdA
selon l'une quelconque des revendications 1 A 3, dens lequel ledit sel
d'indlum est le nitrate d'in- 



dium ou le sulfate d'indium, et ledit hydroxyde d'indium ou sulfure
d'indium est prbpar6 en noutralisant une solution aqueuse dudit sel
d'indium contenant des ions chlorure. 50 6. Procede selon l'une quelconque
des revendications prec6dentes, dans lequel la poudre de l'hydroxyde
d'indium ou du sulfure d'indium prepare contient 60% en poids ou plus de
particules ayant une dimension de 0,5 a 8 pm. s5  7.  Procbd6 selon l'une
quelconque des revendicatlons precbdentes, dans lequel ledit hydroxyde
d'indium presente une porte de poids de 18 A 30% en poids lorsqu'il est
decompose thermiquement A une tompe- rature allantjusqu'a 90000. 26    EP 0
457 354 B11!1 L  M                                !I* 8.  Proc6dA selon
lune quelconque des revendications pr6cedentes, dans lequel ledit hydroxyde
d'indium pr6sente un diagramme de diffraction des rayons X par la m6thode
des poudres ayant des pics A 4,71 i 0,10 A, 3,98  0,02 A, 3,57 o1 0,10 Aet
2,66  o,02 A. 5   9. Proc6d6 selon l'une quelconque des revendications
pr6c6dentes, dans lequel, en plus dudit hydroxyde d'indium ou sulfure
d'indium, un sulfure de metal alcalin est ajoute en une quantit6 de 0,002 A
0,2% en poids par rapport au poids dudit alliage de zinc audit electrolyte
alcalin so trouvant sous forme d'un gel. 10. Proced6 selon l'une quelconque
des revendications pr6c6dentes, dans lequel ledit electrolyte alcalin 10
contient un tensioactif ayant une partie hydrophile de poly(oxyethylene) et
une partie hydrophobe cons- titu6e d'un groupefluoroalkyle en une quantit6
de 0,001 A 0,1% en poids parrapport au poids dudit alliage de zinc. 11.
Proced6 selon la revendication 10, dans lequel ledit tensloactif repond A
la formule (X) - C.F2n - (Y) - (CH2CH2O)m - (Z) dans laquelle X est -H ou
-F, Y est -C2H4-O-CH2CH(OH)-CH2O-, -CONH ou -SO2NR dans laquelle R est -H
ou un groupe alkyle, Z est-CH3, - PO3W2ou SO3W, dans lesquelles W estun
metal alcalin, n estcompris entre 4 et 10, at m est compris entre 20 et
100, et est contenu A ralson de 0,001 a 0,1% en poids par rapport au poids
dudit alliage de zinc. 



20  12. ProcdW selon ia revendication 10, dans lequel ledit tensioactif
repond A la formule (X) - CnF2n - (CH2CH2O)m - (Z) dans laquelle X est -H
ou -F, Z est -CH3, -PO3W2 ou -SO3W dans lesquelles W est un m6tal alcalin,
n est compris entre 4 et 10 et m est compris entre 40 et 100, et est
contenu A raison de 0,001 a 0,1% en poids par rapport au poids dudit
alliage de zinc. 25 30 35 40 46 50 55 27    


